
In this lecture: 

Definitions of acids and bases 
Strong & weak acids and bases 

Salts 

Equlibrium & ionic product of water 
Ionization constant (Ka) 
pH Scale 



ri-K! 
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Acids and bases 

Aaardil imh£ja5i£ 

ac id: sour 

fosse: bitter 

V Utraus^aBer 

acid: red 
base: blue 





-tmj. 


Acids and bases 

S Accordine to the taste 

* <9 

>fi, 

yuso. 

acid: sour 

4 4 

base: bitter 

1 

S Litmus paper 

qT**j 

acid: red 

HNOj 


base: blue 


S Antoine Lavoisier: 

acid: oxygen-containing molecules 



HCI? Qoes not have oxygen 
bases? Not defined 
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^S|i g ntl bas es 

3Cid: hydrogen 


C containing molecules 

;* Notan add <fc * 

gas? Not a typical acid 


bases ? Not defined 


iXj vC 


h 2 so 4 





T HQ x 

A * 


i h 2 co 3 



HNOj 


h 3 po 4 


CY 


) 




J 


-Him. 


Acids and bases 


S lustus Liebig 

acid: hydrogen-containing molecules 

CH 4 ? Not an acid 

HCI gas? Not a typical acid 


✓ 



J-1TLLL 


bases? Not defined 
Arrhenius ionization theory 

acid: proton donor in water 
base: hydroxyl ion donor in water 
water is amphoteric 

the solvent role? Not clear 
H+? too small, does not exist alone 
NH3 is a base? No OH* 

C0 
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•Acid 


s and bases 


acid: proton donor 
^ ase - proton acceptor 

NH 3 + H*?±NH 4 * 
n H 3 + H z O^NH 4 *+ OH 
B A CA CB 

Limitations: 


acids with no H* (e.g. BC1J 
^^ £finitin n 



acid, electron acceptor 
base: electron donor 



— .. Litmus' A: Red 

\ a paper r* ™ 

A:0-> -containing Lavoisier B:Blue 

A:e acceptor 

Acids & Bases. B:e' donor 

Liebig 

Bronsted 
irrhenius^ -Lowry 


A:H-containing 



A:H* donor 
B: OH donor 



Lewis 


A:H’| 

3.H* acceptor 
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Acids a nd bases 

Aa!3£nji1 ^^ 

•onization is a dissociation process 
HCI-* H*+C|- v 

NaOH -* Na* + OH' 

NaCI -* Na* + Cl' 

CHjCOOH ^ CH 3 COO + H* 

H 2 0 ^ h*+ oh- 

2HjO^ H 3 0*+ OH- 



Acids and bases 

✓ frrrhenius io niM tion theory 

ionization is a dissociation process 
ionization is a reversible equilibrium 
CHjCOOH * CH 3 COO + H* 
degree of ionization is variant 

strong vs weak electrolytes 



O' 
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Strong & weak acids and bases 

Stranaac ids & h^pc- 
completely ionized 

sttenaaods; hci, HBr, hi, hno 3 , hcio 4 , h 2 so 4 

at ong bases: hydroxides of gp I, Ba(OH) 2 ,Ca(0H) 2 , and Sr(0H) 2 
^ Weak ar jds fl hasps- 
partially ionized 
weak acids: others 
weak bases: others 

Use double arrow ( ^ ) to indicate incomplete reaction 



Acids, bases and Salts 

✓ Salt; ionic compound containing an anion from an acid and a 

cation from a base 

S For example: NaCl 

HCI + NaOH -> NaCl + H 2 0 

Acid Base salt water 


/cf>\ 

a - 


S Types of salts: 

Salt of strong acid and strong base NaCl 

Salt of strong acid and weak base NH < CI 

Salt of weak acid and strong base NaCH,COO 
Salt of weak add and weak base NH 4 CH 3 Coo 


gT 
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Acids and bases 

v Acid; 


b has sour taste 

2. turns blue litmus paper red 

3. donates proton to form a conjugate base 

4. accepts electrons from bases 

5. reacts with bases to form salt and water 

v JBasfi; 



Jl'iU 


1. has bitter taste 

2. turns red litmus paper blue 

3. accepts proton to form a conjugate acid 

4. donates electrons to acids 

5. reacts with acids to form salt and water 


Equilibrium 

H 2 0^ h + + OH 

y What is equilibrium? 

Forward rate = backward rate 

Constant concentrations 

\h'][oh) 

K eq [ H 2 0 ] 

✓ But [H 2 0] in dilute solutions is constant 

K w = [H + ]fO«] 
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Equilibrium 

h 2 o^ h + + oh 

K = [H + ]fOW] 

K w = 1.0 x 10- 14 
✓ In pure water, [H*]=['OH] 
so, K W =[M ] 

1.0 x lO-MHl 2 

[H*] = 1.0x10 

[-OH] = 1° x 10 '' 
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E quiiib ri 


Jum 

H 2 0 - h » +oh 

✓ , tw J['o//] 

✓ J 1 neutral m eclia, [H + l=r-nm 

n ac idic m e di a =1.0x10-? 

t H+ ] >[“OH] 

[H + ] >1.0 x 10 -7 

' '» bas^nledlr ^ ^ "* hlgher the ^ strength 




CH3COOH CH 3 COO + H ( 

^ What is equilibrium 


Forward rate = backward rate 

/ n , Hydrochloric acid 

Constant concentrations chlo „ ffijJ 


K= [CH^COO ][H 1 

[ch 3 cooh] 

S Compare different acids 
^ Determine reaction feasibility 

reaction goes from stronger :o weaker acids 


Nitrous acid 
Hydrofluoric acid 
Hypochloious acid 
Hydrocyanic acid 


fO\ 

CL* 


j i"i\t 


T37 


HCI 

HCIO, 

UNO, 

HF 

IJCIO 

HCN 


»J 

1.1 < Iff* 
4.6 . KH 
3.5* 

2.9. Iff* 

4.9. Iff® 
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Equilibrium 


CH 3 + NH, -> CH, + NH 


SA WA 

'OH + CH* -» H,0 + -CH. 


WA SA 

ci- + h 7 o-»hci+-qh 

WA SA 

"NH 2 + H ? Q~»NH- t +‘0H 


SA 


WA 


r h" 




V 

x 


Stronger 

acid 


Weaker 

base 



X 


Weaker 

acid 


Stronger 

base 


V 


pH Scale 


39 


=3.9 x 1 0 0 


✓ [H*] in blood = 1000000000 

✓ S 0 ren Sorensen developed the pH scale in 1 909 

S pH=-log[H*] 

✓ pH of blood = -log3.9 x 10 a = 7.4 

✓ If [H*J = 1.0 x 10‘ 5 

pH = -log 1.0 x 10‘ 5 = 5.0 

✓ If [H + ] = 7.4 x I O' 9 

pH = -log 7.4 x 10 ^= 8. 13 

S The lower the pH, the higher the acidity 
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pH Scale 

^ In neutral media, [H + ]=[-OH] = 1.0 x 10" 7 
pH=-log 1.0xl0~ 7 
= 7 

pOH=-logl.O x IQ -7 

= 7 

^ In acidic media, pH<7 
In basic media, pH>7 
^ [H + ] [OH] =1^=1 O' 14 
pH + pOH = 14 



pH calculations 

1. pH of strong acids 

e.g. HC1 
HC1— >H + +C1‘ 

[H + ]=HC1 
= Ca 
pH=pCa 

What is the pH of a solution of 0.001 M HC1? 

pH=pCa=-log0.001=3 
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PH calculations 

‘ PHof strong bases 


e -R- N.ion 
NaOH —>Na*+'OH 
I °H]=NaOH 

pOH=pc b 

W * lat is llu ‘ °f a solution of 0.001 M NaOH? 

p°H=pC b =-log0.001=3 

pH=14-pOH=14-3=i 1 


pH calculations 


3. 


pH of weak acids 


e.g. CH3COOH CH3COOH CH3COO- + H + 
[H*]=[CH 3 COOHJ ? X 


[CH.COO 1 |h 1 

[CH 3 COOH] 

K= VlL_ 

[CH 3 COOH] 




l»V 

Ca 


But [H f ] = [CH3COO I 


But [CH3COOH] = Ca 


[H + ] 2 =Ka.Ca 

[H + ]=(Ka.Ca) % 

pH=%[pKa+pCa) 
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PH calculations 

4 - PH of weak bases 

e g N H t OH NH,OHs* NH 4 ' ♦ OH 

[ OHI=[NH,OHI ? X 
K _ fw.'lf'ow; But ( OH) * 

** = isS But (,VW,0WJ * C, 

V _ l oh]’ 

A *~ 

[OHp^q, 

[OH]=(K b .CJ» 

pOH=H(pK b +pC b ) 


pH calculations 

5. pH of salts of strong add and strong base 

e.g. NaCl P H = 7 

6. pH of salts of strong add and weak base 

e.g. NH 4 C1 

pH = ^(pfC'pKfc+pCJ 

7. pH of salts of strong base and weak add 
e.g. CHjCOONa 
pH = tefaKw+pKa-pCJ 

8. pH of salts of weak acid and weak base 
e.g. CH 3 COONH 4 
pH = tefpKv+P^pKtJ 
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• 1 



This Lecture 
. pH Scale & pH calculations 
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® “ ffer systems 

Pi I butter capacity 

> a me asure of the buffer ahilin, , 

>'P»» addition PH 

P(b)— /? = - J*£o_ 

> t0 '"crease buffer capacity: 

1. use high concentrations 

2. use ratio close to one 


Titration 



I ' 

I 


t 

I 

i 




NaOH in 
Burette 



At End Point: 

Red litmus paper turns blue 


HCI in Flask 


Red litmus 
paper 
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Titration 

✓ Titration: form of volumetric analysis in which increments of reagent 

solution the titrant — are added to analyte until their reaction is 

complete. 

/ standard solution : A solution of accurately known concentrat.on 

✓ Sample: a portion selected from a larger quantity of material 

✓ Analyte: The component of a system to be analysed. 

✓ End point: the volume at which a change in the ind.cator v.sual 

✓ ThTe^valence point is the volume at which an added titrant and 
the analyte are stoiehiometricaliy equ^. 


Titration types 

1 . Acid-base titration 

a. aqueous acid-base titration 

b. non-aqueous acid-base titration 

2. Complex- formation titration 

3. Precipitate formation titration 

4. Oxidation-reduction titration 

< 33 > 
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Requirements of titriHfm - 

1 . Single = no side reactions l( - l,t Uon 

2. Rapid 

Oxidation of oxalate by permanganate 

Add manganese (II) as a catalyst 


Requii ements of titration reaction 

1 . Single no side reactions 

2. Rapid 

3. Stoichiometric 

Methylation of benzene is non-stoichiometric 
C 6 H 6 + CHjCl -♦ C 6 H 5 CHj + HCI 
C(,n 6 + 2 CHjCl — * C 6 t 1 4 (CHj), + HCI 
C 6 H 6 + n CHjCl — C 6 I l 6n (CH,) n + n C | 

I <2> 
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fT.i re,ne ': tS 0f re; 

• bin 8‘ l no side reactions 


action 


Stoichiometric 
4. Complete at the EP 

K ' asible (standard solution, indicator. me;e 
instruments) 


isunng 


Titration 

with litmus paper 



tr- — 

i 





MCI Sumple 


^ i' — i> j-jP' 

*■ »; ! 


.v 0.1 M N.iOH 
in Burette 


te 


u 




^t'd litmus 
papei 


• It tut Kl.iv h 



) 


Titration 

Sample 

Titrunt 

Indicator 

litmus paper 
color indicator 
pH -meter 
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Titration 
with color indicators H° 



HC! Sample 


*_ 

B 

Ha 

^60 


NaOl l in 
Burette 







w v y 

A 



Red litmus 
paper 

+ PhPh 




Phenol phthalein 

Acidic m edium: colorless 
Basic medinn v pink 

At End Point: 

PhPh turns pink 


Titration 
with pH-meter 



HCI Sample 




I iCI in Flas 


It 
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Titration curve 


SB vs SA SB vs WA 



Volume of titrant 





Titration curve 



SA vs WB 



Volume of titrant Volume of titrant 


WA vs WB 



Volume of titrant 
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Titration curve 



Volume of titrant 


1. A mixture of two acids (e.g. HCI/CH 3 COOii) 
the difference in pKa should be > 4 
EP HC1 =EP1 
EPch 3 cooh = EP2-EP1 


2. A diprotic acids (e.g. H 2 S0 4 ) 
the difference in pKa should be £ 4 




' i 


Color Indicators 


S These are weak acids or weak bases which change 
color with change of pH of the medium. 
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/ 

l 

Color Indicators 



Phenolphthalein 




Color Indicators 

y These are weak adds or weak bases which change 
color with change of pH of the medium. 

✓ internal structural rearrangements -» color 
change 

y Change color over a range of 2 pH units 
Acidic: pH = PK ind ±l 
Basic: pOH= PK ind ±l 

I £E> 
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Color Indicators 

^ Choose the right indicator: 

1. from the TC, determine the nH r 

2. choose an indicator whose col , ' T ' hc E,> 

within the EP pH ra„ S e rChanges 


Mi ' I' 

■ ■- *v v \ " 

. 


1 


Color Indicators 

^ Methyl orange: 

If 0.01 M HC1, 

pH=2 [orange red] 

If 0.01 M HCN [pKa 9.21], 
pH= 5.61 [yellow] 
Transition range: 3. 1-4.4 




C-IO 

I NaOH in 

i-ao 

Burette 


Volume of NaOH 
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Color Indicators 



Phenol phtlialefn 


Alizarine Yellow R 


Transition pit 
range 


1 . 2 - 2.8 


2 . 9 - 4.0 


3 . 1 - 4.4 


High ptl color 

yellow 


yellow 


yellow 


Phenol red 


Indicator 


Thymol blue 


Methyl yellow 



Color Indicators 

✓ What is the color of a solution of CH 3 COOH pH= 5 

■ 

in: 

a. Thymol blue 

b. Methyl yellow 

c. phenolphthalein 


Indicator 

Low pH 

color 

Transition 

pH range 

High pH 

color 

Thymol 

blue 


1. 2-2.8 

yellow 

Methyl 

yellow 


2.9-4.0 

yellow 

Phenolpht 
halein | 

colorless 

8.3-10.0 

'■ pink J 
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Color Indicators 

' CIminu -A i,i oups of Add-Base Indicators: 


r 


i 


r 


t litii.iN in ndicatwi Siilp(ki^oc|tli£b3icf9 tadlcaion 


r 


2* 



0* 4 


^ Sr 
Z> ■ — - 


O J 

c:.-- i 




1 


A2g nd&ators 




1 4-D:hyirox7azob«izeie 


Color Indicators 

S Problems associated with acid-base indicators: 

1 . wide pH-range 

Use mixed indicators: a mixture of thymol blue and 
cresol red f6 : 1 partsjit is violet at pH 8.4, blue at 8.3 
and rose at 8.2. 
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Color Indicators 

^ Prob lems associated with acid-base indicators: 

2. blunt color change 

Use screened Indicator: organic dye+Indicator e g. 
(methylene blue/methyl orange] color changes from 
violet to green instead of orange to yellow. 





Color Indicators 


^ Problems associated with acid-base indicators: 

3. not suitable for all types of titration 

Use universal (multirange] indicator 


phenolphthalein 
methyl red 
bromothymol blue 
thymol blue 


pH range Description j Colour 
<3 j Strong acid 

3-6 Acid 


7 

j 8-11 
> .11 


Neutral 

Alkaline 

Strong 

alkaline 


Ye llow 


Blue 
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%f m f . ? 


CJ 


5 ti U J 

J 


* -J* 


Types of acid . base 

^D.rect Acid-Base Titri , t ““° 

Sample: acid or base 

Titrant. base or acid 
Indicator: acid-base indicator 

Example: Sample: KOH 

Titrant: Standard HC1 
Indicator: MO or PhPh 



' 

^ 1 ^ J 

jf - * ~~>u/ S? 


r 

^ f 




. M 

c ” ; tri— 


Volume of NaOH 



Types of acid-base titrations 

2. substitution titration 
Sample, salt of weaker acid or of weaker bas 
Titrant: stronger acid or stronger base 
Indicator: acid-base indicator 

Example: Sample: CH 3 COONa 
Titrant: Standard HC1 
Indicator: MO 

* 

(59 



Volume of titrant 
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3. residual or back titration 
Sample: acid or base 
Standard: known Xss of St base or acid- 
Titrant: standard acid or base 
Indicator: acid-base indicator 
Example: Sample: NH 3 

Standard: known xss HC1 
Titrant: Standard KOH 
Indicator: MO or PhPh 







A\ 




! 





! 1 




jd 







Volume of NaOH 


Types of acid-base titrations 

3. residual or back titration 
Reasons of residual or back titration 

1. Volatile substances e.g. NH 3 

2. Insoluble e.g. ZnO 

3. Requires heating e.g. esters 

4. Requires excess e.g. lactic acid 
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Types of acid-base titrations 

4. Biphasic titration 
Sample: salts of insoluble aromatic acids 

e.g. sodium salicylate or sodium benzoate 

Titrant: HC1 

Indicator: bromophenol blue or methyl orange 
Solvent: water and ether in a separating funnel 
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Titration curve 


SB vs SA 




Volume of titrant 


WB vs SA 



Volume of titrant 


WB vs WA 



Volume of titrant 


Titration curve 



WA vs SB SA vs WB 



Volume of titrant Volume of titrant Volume of titrant 


WA vs WB 


- 

- — 

. i t— ... 

L— — - 



— 

■ — J 


Volume of titrant 
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Titration curve 



1. A mixture of two acids fe.g. HC1/CH 3 C00H) 
the difference in pKa should be > 4 
EP HC1 =EP1 

ep ch 3 cooh = EP2-EP1 


2. A diprotic acids fe.g. H z SOJ 

the difference in pKa should be > 4 





Color Indicators 

Y These are weak acids or weak bases which chancre 
color with change of pH of the medium. & 

S internal structural rearrangements — > color 
change 
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Color Indicators 


OH 


V 



o 


colorless 


0 

pink 


Phenolphthalein 


Color Indicators 

^ These are weak acids or weak bases which change 
color with change of pH of the medium. 

y internal structural rearrangements -> color 
change 

S Change color over a range of 2 pH units 
Acidic: pH = PK ind ±l 


Basic: pOH= PK jnd ±l 




@ 
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Color Indicators 

V Choose the right indicator: 


1- from the TC, determine the pH range of the EP 

2 - choose an indicator whose color changes 
within the EP pH range 


Color Indicators 

^ Methyl orange: 

If 0.01 M HC1, 

pH=2 (orange red] 

If 0.01 M HCN (pKa 9.21], 
pH= 5.61 (yellow] 
Transition range: 3. 1-4.4 




£ 

Em 

a 

§-*c! 
r I 

\ * 


NaOH in 
Burette 

A 


''V”‘TV rtr 
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Color Indicators 


Indicator 


Thymol blue 


Methyl yellow 


v.ethyl orange 


Methvl red 



l'r.insi (ion pH 
range 

U- 2.8 
2.9-4.Q 
3.1-4.4 
4.4-62 


High pH color 

yellow 


Phenol red 

yellow 

6.4-ao 

Phenolphthalein 

colorless 

8.3-10.0 

Alizarine Yellow R 

yellow r 

10.2-12.0 



Color Indicators 

What is the color of a solution of CH 3 COOH pH= 5 
in: 

a. Thymol blue 

b. Methyl yellow 

c. phenolphthalein 


Indicator 

Low 1 pH 
color 

1 Transition 
| pH range 

High pH j 

color 

Thvmol ”” j 

blue 


1 .2-2.8 

yellow 

Methyl [ 

yellow f 


j 2.9-4.0 

yellow 

Phenolpht [ 

halein 

colorless 

8.3-10.0 

pink 
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Color Indicators 

^ Chemical Group? of Acid-Base Indicators: 

r~~ - - ^ — 

PMhalein indicators Sulphonephthalein indicators 



Phenolphthalein 



Bromocresol purple 


4 

Azo indicators 



2.4-Dfhydroxyazobenzene 


Color Indicators 

^ Pr °^~ ated With add ' base indicators- 

1. wide pH-range 

Use mixed indicators: a mixture „ ft i, 

cresol red (6 : 1 parts)it is violet at pK m'* ^ 
and rose at 8.2. pn at 8.3 
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Color Indicators 

1 1 ol * ,onis associated with add-base indicators: 

color change 

(mrtMene n' ni / Cat0r: "»* ^Micaor e.g 
v.ol. , »<»r changes fro m 

(. < n instead of orange to yellow. 


Coloi Indicators 

^ I'rciliU.'nis 'iN.s[>i:i;i[ed with acid-base indicators' 

»"'«f.roii, y p esofUB . n • 

Use universal (multirange) indicator 

P 1 1 ( < 1 1( 1 J | ) | ) tin ilfjjt 


mrlhyl i (.(| 
hi ninolhymol I tine 
thymol Mur 


P H range Description 
<3 


3-6 

7 

8 1 1 


Acid yelk 

Neutral GrCf 

Alkaline 


l I 


(x J ‘0 


Strong 

alkaline 
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ypes of acid-base titrations 

1- Direct Acid-Base Titration 
Sample: acid or base 
Titrant: base or acid 




Indicator: acid-base indicator 
Example: Sample: KOH 

1 itrant: Standard HCI 
Indicator: MO or PhPh 



'ypes Of acid-base titr,ti„, 

- 

Sr- 

Indicator: add-base indicator ** ***** 
Example: Samp.*: CH jC OONa 

Titrant: Standard HCI 
Indicator: MO 




CD 
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. P es of acid-base titrations 

^ residual or back titration 

Staple: acid or base 

Man card: known Xss of St base or acid... 
Titrant: standard acid or base 
Indicator: acid-base indicator 
Example: Sample: NH 3 

Standard: known xss HC1 
Titrant: Standard KOH 
Indicator: MO or PhPh 



Volume of NaOH 


Types of acid-base titrations 

3. residual or back titration 
Reasons of residual or back titration 
1, Volatile substances e.g. NH 3 
d. Insoluble e.g.'ZnO 

3, Requires heating e.g. esters 

4. Requires excess e.g. lactic acid 
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lypos of acid-base titrations 

4 - B. phasic titration 

Sample; salts of Insoluble aromatic adds 

Titrant^Hci* 1 " 1 " 1 SallCy * ate orsod »Hn benzoate , j* 

Indicator: bromophenol blue or methyl orange 
Solvent: water and ether in a separating runnel 
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Applications of acid-base titration 

1. Determination of HN0 3 
Sample: HN0 3 

Type: Direct acid-base titration 
Titrant: 0,1 M NaOH \ 

Indicator: PhPh (colorless to pink) 

MO (orange to yellow) 

Calculations: 

# of moles of sample - # of moles of titrant 

r y - r \j 

'-'sample* v sample '-titrant* v titrant 



Volume of N aOH 


^ sample titrant^ titran 



it) /^sample 

= (0.1MxEP mL)/10 mJL 



Applications of acid-base titration 

2. Determination of NH 3 
Sample: NH 3 

Type: back acid-base titration 
Standard: Known excess HC1 
Titrant: 0.1 M Na 2 C0 3 
Indicator: MO (orange to yellow) 
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Applications ol acid-base titratioi 

: Octet mlnalton ol CsOH 
Sample: CsOH 

pe c. . c\ •; add base tiuvion 

timuit: St. HCl 

linhentot 1'hrh (pink to colorless) 

MO (yellow to orange) 






Volume of NaOH 







Applications of acid-base titration 

4. Determination of H^BO* 

Sample H*IUV, (a very weak acid; pKa=9.23) 

Add enhancer: glycerol 
IN po: direct acid base titration 
Titrant: 0.1 M NaOH 
Indicator: PhPh (colorless to oink) 
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Applications of acid-base 

3 Determination ofCsOH 
Sample: CsOH 

Type: direct acid-base titration 

Titrant: St. HC1 

Indicator: PhPh (pink to colorless) 
MO (yellow to orange) 



Volume of NaOH 



Applications of acid-base titration 

4. Determination of H 3 BO 3 

Sample: H 3 B0 3 (a very weak acid; pKa=9.23) 

Acid enhancer: glycerol 
Type: direct acid-base titration 
Titrant: 0.1 M NaOH 
Indicator: PhPh (colorless to nink) 
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Applications of af 1-base tit ra 




5 Determination of HC Coop 

Sample: HC1/CH 3 COOH 

Type: Direct acid-base tifVort ; ofi 



Titrant: 0.1 M NaOH _ : 

Indicator: MO (orange tc yellow) —>EP lfa 

Volume o 

PhPh (colorless tb pink) - »^W WjCO o/, 



Applications of acid -base titration 

6. Determination of NaCN 

Sample: NaCN ^ 1 




Type: replacement acid-basedrtration 


Titrant: 0.1 M HC1 
Indicator: MO (orange to yellow) 



Volume of titrant 
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Applications of acid-base ti trat - 

- Determination of amino acids 


Sample: amino acid [glycine or alanine) 
type: Formol titration (addition of HCHO) 
Titrant: 0.1 M NaOH 
Indicator: PhPh (colorless to pink) 


H A 


C 



o 


+ CHUO 




Applications of acid-base titration 


8. Determination of ammonium salts 

Sample: ammonium salt 

Type: Formol titration (addition of HCHO) 

Titrant: 0.1 M NaOH 

Indicator: PhPh (colorless to pink) 


4NH 4 + + 6CH 2 0 (H 2 C) 6 N 4 + 6 h 2 o + 4H+ 
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Applications of acid-base u Uatj 

/ Kjeklahl method 

s ,,iiple: organic nitrogenous compounds . 

procedures: ' f 

, Degradation, 2 . Replacement aiul reflux, 3. Hark Uiratlon 

In the digestion step, 

N.i so , to increase boiling point of H 2 S0 4 ^ 

a catalyst (Ug/So/t’u) is added to hasten the reaction 
Disadvantages: time-consuming 

not tor cyano, azo or nito cpds , . , |« m. 

il.»i;’,i'ious (A/ll .SO,) 

liiiiifeiiiiiMB* isi il# •‘HBBB 




Applications of acid-base titration 

Kjeldahl method 
Sample: organic nitrogenous compounds 

Procedures: 

1. Degradation, 2. Replacement and reflux, 3, Back titration 


MtfiddW ' tfW 
\ 


Walf( 
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Applications of acid-base titration 

/ Kjeldahl method 

omple: organic nitrogenous compounds 

procedures: 

1 Degradation, 2. Replacement and reflux X Rack titration 
In the digestion step. 

Na 2 S0 4 to increase boiling point of H : St\ 
a catalyst (Hg/Se Cu) is added :c hasten the reaction 
Disadva n t ages * r ime-cons u ming 

net for evano. axo or nito cpds 
dangerous v A H : SOJ 









Applications of acid-base 

10. Determination of\aHCO ; 

Sample: NaHC0 3 

Type: replacement acid-base taranon 

Titrant: 0.1 M HC1 

Indicator: MO — »• \eusu .v c . . 


titration 




i ra — 

Volume of t il rant 
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Applications of acid-bas 

, i. Determination of Na,CO 

Sample: Na 2 C0 3 

Type: replacement acid-base titration ' 
Titrant: 0.1 M HC1 
Indicator: PhPh -><E<P,= ‘AEP N ^ ro 


e titr 


MO -►©?,= £/ J , 


2^ U 3 





2 Na^CO) 

EP,= ’6EP : 



Applications of acid-base titration 


12. Determination of H 3 P0 4 
Sample: H 3 P0 4 
Type: direct acid-base titration 
Titrant: 0.1 M NaOH 
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implications of acid-b ase u 

. . Determination of H,Po, 

jample: H,P0 4 

Type: direct acid-base titration 
Titrant: 0.1 M NaOH 
Indicator: MO-»€4>, = 'A EP luro 
PhPh— % EP h J 0j 


a Uon 



Volume of titram 


For EP 3 : 

jfc : 2H 3 P0 4 + 3CaCl 2 ^Ca 3 (POJ 2 + 6HC1 


Applications of acid-base titration 

14. Determination of H 3 P0 4 /HC1 

Sample: H 3 P0 4 /HC1 

Type: Direct acid-base titration 

Titrant: 0.1 M NaOH 
Indicator: MO —*EP I HC r 5 L ^h 5 po 4 

PhPh — EP m + KEP H3 po 4 


i*. 
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Applications of acid-base titration 


15. Determination of NaOII//Va 2 CO., 
Sample: Na0H/Na 2 C0 3 

Type. Dii ect/ replacement ncH-hase titration 
Titrant: 0.1 M HC1 
Indicator: ~ 




Applications of acid base titration 

16. Determination of Na 2 ro^ (\laHC0 3 
Sample: Na 2 C0/ NaHC0 3 
Type: replacement acid-base trtrUion 
Titrant: 0.1 M HC1 

I n d i ca t o r : Ph Ph — * ViEl y N a jco . 

MO— ► EPpfojcoj + 1 \'oHco , 
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applications of acid | 

17 . Detem ,1,,i,li «n ° f He; Mjk; 

Sample aCI HjBOj 

•type: Direct acid-bast' titr -tion 

Titrant: standard NaOH 


Ms <-' titration 


V 

t 


Indicator: before glycerol 
After glycerol - 




1 




Limitations of acj. sod ’kvso titration 

1. Not suitable for very weak ac ieU >r bases 
e.g. phenol (pKa=10), aniline 

2. Cannot differentiate bet\ ren strong acids 
HC10 4 and HNO< 

2. Not suitable for insoluh’c a V-A ©*' bases 

e.g aniline & fatty adds 

4. Not suitable for the tltivt** n -‘Cult 'k add vs weak 
bases 

5. Not suitable for salts ol at i s/stumg bases 
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